quality of saliva, and the conditions in the dynamic oral cavity, such as pH, oxygen tension, and sugar nature and availability can have major effects on the composition and stability of the plaque communities, and ultimately the pathogenicity of the plaque. 1, 3 Under conditions such as continuous consumption of a high sucrose-containing diet, or individuals with poor oral hygiene or saliva deficiency such as those with Sjögren syndrome, the proportion of acidogenic and aciduric species including Streptococcus mutans, increases significantly in the plaque community, leading to the development of carious lesions. Dental caries is one of the most prevalent infectious diseases and still a major health burden worldwide. 4, 5 A major etiological agent of human dental caries, S. mutans is well-documented for its abilities to colonize and persist on the tooth surfaces, to use various sugars at micro-concentrations, and to survive low pH and other adverse conditions. 6, 7 It possesses at least three glucosyltransferases (GTFs) that use sucrose as a substrate, generating glucose polymers including α-1,3-linked, water-insoluble adhesive glucans. 8 These GTFs and their adhesive products play a central role in the cariogenicity of this bacterium. When grown in the mixed-species consortium in vitro, S. mutans can also facilitate several other bacteria, including cariogenic lactobacilli, to colonize and form biofilms on various surfaces tested. 9, 10 It also produces mutacins that have shown a wide-spectrum of antimicrobial activity against other oral bacteria. 11 However, further investigation is required into how the organism interacts with other species in the plaque community and influences the composition, stability, and, ultimately, pathogenicity of plaque.
The cell envelope plays an essential role in bacterial pathophysiology, including maintenance of structural integrity and characteristic cell shape. The cell envelope of bacteria is also directly involved in bacterial cell-environment, cell-surface and cell-cell interactions, and hence, influences bacterial adherence and biofilm formation.
The Gram-positive bacteria also have a thick and highly complex layer of peptidoglycan and attached anionic cell wall polymers, including teichoic acids and capsular polysaccharides. 12, 13 Widespread in Gram-positive bacteria, the LytR-CpsA-Psr (LCP) family of proteins is shown in Bacillus subtilis and several other species to function as a ligase, promoting the attachment of anionic cell wall polymers to the peptidoglycan, and so influencing bacterial pathophysiology, although differences in both structure and functionality exist between different species. [14] [15] [16] [17] [18] [19] Streptococcus mutans possesses two LCP paralogs BrpA and Psr. 14, 15, [20] [21] [22] Our recent studies have shown that some redundancy in functionality exists between these two LCP paralogs, but BrpA appears to be the predominant player in S. mutans pathophysiology and at least one functional BrpA or Psr is required for viability. 15 Deficiency of BrpA drastically weakens the ability of the mutant strain to survive low pH, oxidative challenge, and cell envelope stressors. 15 In vitro, the BrpA-deficient mutant can still bind and establish on a surface, but its ability to accumulate and develop into mature biofilm decreases drastically. [20] [21] [22] [23] In addition, BrpA deficiency also alters the expression of large groups of genes, including genes known to be involved in cell envelope homeostasis, stress tolerance response and biofilm formation. 15, 22, 23 Like BrpA, Psr deficiency also significantly reduces biofilm formation and weakens the acid tolerance response. However, unlike BrpA, Psr deficiency does not have any significant effects on cell morphology, oxidative stress tolerance and cell envelope stress response. 15 Psr deficiency also affects the expression of genes studied, including those for the GTFs, although both the scope and the effects differ from the brpA mutants. 15 In this study, a 10-species consortium representing oral health and disease was grown under continuous flow conditions in a constant depth film fermenter (CDFF) [24] [25] [26] to further assess the impact of BrpA deficiency on the ability of S. mutans to colonize, persist, and compete in a community. A rat caries model was also used to examine how BrpA, as well as Psr, affects the cariogenicity of this major cariogenic bacterium. Results have shown that relative to the parent strain, UA159, mutants deficient for BrpA displayed a significant reduction in population when grown in the mixed-species community, suggesting effects of such a deficiency on the ability of the brpA mutant to colonize and accumulate in a community. Unlike the wild-type, rats infected with the brpA mutant showed no significant differences in both the number and severity of carious lesions, when compared with the uninfected negative control, indicative of reduction in cariogenicity as a result of BrpA deficiency. However, no such effect was observed with the Psr-deficient mutant.
| MATERIAL S AND ME THODS

| Bacterial strains and growth conditions
All bacterial strains used in this study are listed in Table 1 .
Streptococcus mutans, Streptococcus oralis, Streptococcus sanguinis,
Lactobacillus casei, Actinomyces naeslundii, and Neisseria subflava were maintained using brain-heart infusion broth (Becton Dickinson St Louis, MO) (10 μg/mL), spectinomycin (Sigma) (1 mg/mL), and/or kanamycin (Sigma) (1 mg/mL) were added to the growth medium.
| Mixed-species biofilm analysis
Mixed-species biofilms were grown using CDFF, as described previously. [24] [25] [26] 28 The mucin-based medium (BMM), containing (g/L)
porcine gastric mucin (Sigma) (2.5), proteose peptone (2.0), potassium chloride (2.5), yeast extract (1.0), trypticase peptone (1.0), cysteine hydrochloride (0.1), and hemin (0.001), was used to support growth. 25, 26, 28 A group of 10 different oral bacteria (Table 1) , representing oral health and disease, were used in this study. They were grown individually, and late-exponential phase cultures (with colony-forming units [CFU] estimated at 5 × 10 8 /mL), 10 mL each, were then mixed proportionally (1:1 ratio to each other) and gently with S. mutans UA159 and TW14D. The mixed cultures were then pumped into the system at a flow rate of 0.352 mL/min over a period of 4 hours. The medium flow was run at 0.542 mL/min, which resembles the rate of unstimulated saliva flow. Biofilms were allowed to grow on the polytetrafluoroethylene plugs accessed at a depth of 300 μm in the sample pans. The whole system was maintained in a 37°C incubator supplied with filtered N 2 containing 5% CO 2 .
Samples were taken from the inocula for microbiological analysis and then from CDFF at 4, 24, 48, 120 and 240 hours post inoculation. For each sample, brief sonication was used to disperse the biofilm, 9 and then serial dilutions were plated in triplicate on a range of selective and nonselective agar media as described previously 25, 28 (see Supporting Information, Table S1 ). 
| Membrane fatty acid determination
The membrane fatty acid content of the cultures was determined using gas chromatographic analysis by MIDI Labs, Inc. (Newark, DE). 32, 33 Briefly, 100 mL of brain-heart infusion broth-grown cultures of S. mutans UA159, TW14D, TW251, and TW314, which has psr deleted and brpA expressed at a reduced level, 15 were harvested at mid- 
| Cell wall phosphate estimation
Cell wall phosphate was estimated from murein sacculi prepared following the protocols of Chan et al, 34, 35 with minor modifications.
Briefly, a 20-mL overnight culture of each strain was harvested by centrifugation at 3000 g for 10 minutes, the cell pellet was washed with saline, and then boiled in 4% sodium dodecyl sulfate for 30 minutes. The pellet was washed five times in Tris buffer (50 mmol/L, pH 7.5) and homogenized using glass beads in a MiniBeadBeater (Biospec, Bartlesville, OK) as described previously. 27, 36 The cell debris containing murein sacculi was washed twice in Tris buffer, and then incubated in the same buffer containing 10 mmol/L CaCl 2 , 20 mmol/L MgCl 2 , 10 μg/mL DNase and 50 μg/mL RNase at 37°C for 2 hours. It was followed by incubation in 1% sodium dodecyl sulfate and proteinase K (20 μg/mL) at 37°C overnight. The resulting murein sacculus was boiled and treated in 1% Triton X-100 and 0.1 mol/L EDTA. Following washes with Tris buffer, the sediment was then re-suspended in acetone, and the lipid-solubilized murein sacculus was obtained by centrifugation at 10 000 g for 10 minutes, air dried to remove residual acetone, washed once in Tris buffer and re-suspended in 200 μL deionized water. For phosphate estimation, 45 μL of murein sacculus preparation was mixed with 5 μL of trichloroacetic acid and incubated at 80°C overnight. The inorganic phosphate released was estimated as described by Chan et al, 34, 35 then quantified spectrophotometrically at 820 nm using a Synergy 2 plate reader (BioTek Inc., Winnoski, VT). The phosphate concentration was determined against a standard curve generated using known concentrations of NaH 2 PO 4 .
| Rat caries model
Cariogenicity of the test strains was determined using a standard protocol. 37 Briefly, dams of Sprague-Dawley rats along with sufficient pups, aged 17 days, (Harlan Laboratories, Indianapolis, IN) were purchased and randomly divided into five groups, each containing 10 rats. 2.6 | Plaque bacteria DNA extraction, 16S rDNA sequencing and data analysis DNA were extracted from the plaque samples of the rats and then sequenced by following our established protocols. 42, 43 Briefly, using isolated DNA, 16S ribosomal DNA hypervariable region V4 was polymerase chain reaction amplified using primers 515F 5ʹ-GTGCCAGCMGCCGCGGTAA-3ʹ and 5ʹ-805R
GGACTACHVGGGTWTCTAA-3ʹ gene-specific sequences, Illumina adaptors, and molecular barcodes to produce ~290 base pair (bp)
amplicons. Samples were sequenced on an Illumina MiSeq (Illumina, San Diego, CA) using a V2 sequencing kit (250 bp paired end reads).
The forward and reverse read files were processed through the DADA2 v1.4 pipeline. 44 The first 20 bp of each read were trimmed to remove the 16S-specific primers, forward reads were truncated to 210 bp and reverse reads to 180 bp based on read quality profiles to maintain highest quality data. Forward and reverse sequence variants were inferred with the DADA2 algorithm using default parameters and sequence variants were merged to form a sequence variant table. Chimeric sequence variants were removed using removeBimeraDenovo. QIIME v1.9 (open source, www.qiime.org) was used to align sequence variants and build a phylogenetic tree. 45 The
Ribosomal Database Project classifier was used to assign a taxonomic classification to each sequence variant. Relative abundance of each sequence variant was examined at phylum, class, order, family, genus, and species levels. α-diversity (within a community) and β-diversity (between communities) metrics as well as taxonomic community assessments were produced using QIIME 1.9 scripts.
| Quantitative polymerase chain reactions
Quantitative polymerase chain reaction analysis was used to determine the relative abundance of S. mutans in plaque. For S. mutans estimation, species-specific primers for gtfB were used with 5ʹ-AGCAATGCAGCCATCTACAAAT-3ʹ for forward primer and 5ʹ-ACGAACTTTGCCGTTATTGTCA-3ʹ as the reverse primer. For estimation of the total plaque microbiome, the 16S rRNA universal primers were 5ʹ-GGTTAAGTCCCGCAACGAGC-3ʹ forward and 5 ʹ-A GGGGCATGATGATTTGACG-3ʹ reverse. Real-time quantitative polymerase chain reaction was performed using SYBR Green Supermix (BioRad, Hercules, CA) with a Bio-Rad iCycler using procedures that are detailed elsewhere.
46,47
| Statistical analysis
Unless specified otherwise, all quantitative data were further analyzed by either Student's t test or analysis of variance and Tukey's pairwise comparison. A difference of P < 0.05 was considered as statistically significant.
| RE SULTS
| BrpA deficiency affects membrane fatty acid composition
Previously, DNA microarray analysis showed that BrpA deficiency affects the expression of genes involved in fatty acid biosynthesis, including reduced expression of SMU.1739 coding for a putative 3-oxoacyl-(acyl-carrier-protein) synthase (KAS-II, FabF) involved in the condensation step of fatty acid biosynthesis. 22 In this study, gas chromatography (GC) was used to analyze the FAME profile of the brpA mutant, TW14D, psr mutant, TW251, and the brpA-down and psr-deficient mutant, TW314. Relative to UA159, iso-C19:1 I (I for a double bond at an unknown position) was reduced by 15.2%
(P = .066) in TW14D, with % averages of 0.494 ± 0.004 for the UA159 and 0.419 ± 0.038 for TW14D, respectively (see Supporting Information, Table S2 ). None of the fatty acids showed any differences in TW251 when compared with UA159, but iso-C19:1 I was undetectable in TW314 (P < .001). No other significant differences in the FAME profiles of the mutants were identified.
| BrpA and Psr deficiency affects cell wall phosphate content
Gram-positive bacteria possess a thick layer of peptidoglycan and peptidoglycan-associated anionic polymers including teichoic acids, which are chains of multiple glycerol phosphate (Gro-P) or ribitol phosphate (Rbo-P) repeating units. 13 Like the LCP proteins in B. subtilis and several others, BrpA and Psr have recently been shown to play a role in attachment of the cell wall-associated antigen rhamnose-containing glucose polymer (RGP), which also contains P. 19 To examine if BrpA and Psr in S. mutans play a role in biogenesis of other P-containing anionic polymers, the phosphate content of the cell wall murein sacculi was measured using a colorimetric assay, and the results showed that, relative to the parent strain, BrpA deficiency resulted in phosphate reduction by >2.55-fold with an average phosphate concentration of 4451 μmol/L/g dry weight for the brpA mutant vs 11365 μmol/L/g dry weight for the wildtype (P < .01) (Figure 1 ). On the other hand, the phosphate content of the psr mutant, TW251, was increased by 1.3-fold relative to its parent strain UA159 (P < .01), compared with the wild-type. In addition, deficiency of RgpG, the first enzyme of the glucose-rhamnose biosynthesis pathway, was also found to have a reduced phosphate content with an average of 639.2 μmol/L/g dry weight (P < .05). The BrpA-deficient mutant, TW14D, was able to establish on the polytetrafluoroethylene surface, albeit in a slightly decreased capacity. Unlike UA159, however, TW14D showed no significant accumulation from day 1 through day 5 with an average CFU of <1.36 × 10 5 , which is >10-fold less than UA159 in the same time period (P < .001). However, as the experiment continued, TW14D was shown to be able to accumulate slowly, and by the end of the experiment (day 10) reached a similar level to the wild-type (P > .05).
Similar trends were also observed when analyzed using confocal laser scanning microscopy (data not shown).
Streptococcus mutans is known for its ability to enhance biofilm formation by some other oral bacterial species, when grown in a community. 9,10,48 Some major differences were also observed with some other members of the 10-species consortium, especially,
Pr. nigrescens and P. gingivalis, when they were grown with S. mutans F I G U R E 1 Cell wall phosphate estimation. Streptococcus mutans wild-type (UA159) and the brpA (TW14D), psr (TW251), rgpG (TW322), rgpG/brpA (TW340), rgpG/psr (TW341), and rgpG/ brpA/psr (TW343) mutants, were grown overnight in brain-heart infusion broth, and cell wall sacculi were prepared and analyzed for cell wall phosphate content using colorimetric assays. Symbols @, # and * indicate statistical difference at P < .05, <.01, and <.001 respectively
| BrpA deficiency reduces dental caries and caries severity in a rat caries model
To investigate if the deficiency of brpA and/or psr affects the ability of S. mutans to cause dental caries, a well-established rat caries model was employed with groups receiving either the BrpA-or Psr-deficient mutant, or the wild-type analog MX804, as a positive control. During the entire course of the study, no differences were observed in the pattern and amount of meal consumption by rats of the different groups. Consistently, no major differences were measured in weight gains between the animals of different groups (data not shown). When assessed using blood agar with proper antibiotics, no significant differences were observed between the mutant strains and the wild-type in infectivity (data not shown). Table S3 ). However, following infection with S. mutans MX804, major shifts in relative abundance were shown in the plaque microbiome ( Figure 3B ). These include elevations of Haemophilus parainfluenzae (from 3.5% to 13%, P < .01) and Aggregatibacter spp. (from 3.1% to 7.3%, P < .05). Among those that were reduced were Lactobacillus spp. (from 17.7% to 7.5%, P < .01) including Lactobacillus ruminis (13.2% to 1.8%, P < .001), Veillonella spp. (from 33.2% to 22.1%, P < .05), Bifidobacterium spp. (4.1% to 2.4%, P < .05), and Rothia (from 7.9% to 3.9%, P < .05) ( Figure 3C ). Relative to MX804, infection with the brpA mutant TW14D, but not the psr mutant TW251, led to further reduction of V. dispar (see Supporting Information, Table S3 ). Aggregatibacter spp., but no such effect was seen with either TW14D or TW251. When analyzed using species-specific primers, significantly less S. mutans was detected in rats infected with TW14D, compared with those infected with TW251 or MX804 ( Figure 3D ).
When carious lesions were examined, significant differences were observed between the groups in both the amount of caries and the severity of carious lesions (Table 2 ). Relative to the uninfected medium control, infection of S. mutans wild-type, MX804, was shown to result in significant increases in total caries (P < .05) and lesion severity, especially on smooth surfaces (P < .001). Unlike MX804, however, infection with the brpA mutant, TW14D, showed no significant differences from the uninfected control in total caries numbers on smooth surfaces, and moderate increases in carious lesion severity (Ds, Dm and Dx) were also measured (P < .01) ( Table 2) .
No significant differences in either total caries or caries severity on sulcal surfaces were observed between TW14D and the negative control (P > .05). Like MX804, but different from TW14D, infection with TW251, as well as TW314, a brpA-down and psr-deficient mutant, resulted in significant increases in total caries and lesion severity on both smooth and sulcal surfaces (P < .001) ( Table 2 ).
| D ISCUSS I ON
The results presented here showed that like the LCP proteins in
B. subtilis, Staphylococcus aureus and S. pneumoniae, Psr and especially
BrpA in S. mutans, play important roles in cell envelope biogenesis, although major differences exist between these two LCP paralogs.
The results that BrpA deficiency, and especially the strain carrying brpA-down expression and psr deficiency, resulted in major reduction F I G U R E 3 Microbiome and quantitative polymerase chain reaction (qPCR) analysis of rat plaque. (A) Principal component analysis plot of β diversity; (B) phyla composition; (C) genus-level composition; and (D) relative abundance of Streptococcus mutans in the plaque by qPCR analysis of the plaque microbiome using S. mutans-specific primers. Relative to the wild-type (MX804) as well as the psr mutant (TW251), the abundance brpA mutant (TW14D) in the plaque was significantly reduced (*P < 0.001). No significant differences were measured between TW251 and MX804. No significant differences were measured in total microbiota abundance between the groups. #, no S. mutans was detected in the uninfected negative group of iso-C19:1 I suggest that BrpA, as well as Psr, albeit to a lesser degree, is involved in fatty acid biosynthesis, which is also consistent with the results of our DNA microarray analysis of the BrpA-deficient mutant. 22 Long-chain iso-fatty acids are abundant in bacteria and play an important role in bacterial physiology. 50 affects the attachment of the RGP, which also contains phosphate moieties. 19 Therefore, it is likely that part of the cell wall phosphate reduction observed with the BrpA-deficient mutant can be attributed to the defects in attachment of RGP to the cell envelope as a result of BrpA deficiency. Consistently, deficiency of RgpG, the first enzyme of the RGP biosynthesis pathway, also causes major reduction of cell wall phosphate (by 43.7%, Figure 1) , and a brpA/rgpG double mutant had its cell wall phosphate further reduced (by 94.6%).
Psr deficiency also led to significant reduction of cell wall antigens, 19 but interestingly, the cell wall phosphate content of the Psr-deficient mutant was shown to be significantly higher than the wild-type (by 29.3%). These results further suggest that what constitutes the cell wall phosphate in S. mutans is more than RGP, although the nature of these phosphate-containing polymers and the exact roles of the two LCP proteins in S. mutans await further investigation.
As we, and Yoshida and Kuramitsu, have shown, BrpA deficiency in S. mutans causes major defects in biofilm formation, 20, 21, 23, 51 and such defects appear to be related to biofilm accumulation and development rather than to bacterial adherence and biofilm initiation. 23 We have
shown that deficiency of BrpA leads to reduced viability, increased susceptibility to cell envelope stressors, weakened tolerance to low pH and oxidative stresses, and alters the expression of genes involved in the related functions, which could all contribute to the defects of the deficient mutant in biofilm formation. 15, 22, 23 Besides, the BrpAdeficient mutants also have a high tendency to form long chains and aggregates, 20 which, depending on the system used for the study, will likely affect how the bacteria accumulate on the surface. Consistently, the results of the 10-species consortium in CDFF also showed that relative to the wild-type UA159, the BrpA-deficient mutant TW14D, was able to establish on the surface tested, albeit to a lesser degree (P > .05). However, unlike the wild-type, the BrpA-deficient mutant was not able to compete efficiently and accumulate in the mixedspecies community initially. Interestingly, however, the brpA mutant was able to slowly regain its ability to grow in the community and eventually reach a level similar to the wild-type by the end of the experiment (day 10). This could be in part because S. mutans also possesses another LCP homolog in Psr, which partly overlaps with BrpA in functions including roles in biofilm formation (see more details below). 15 With an intact Psr, some of the defects from the brpA deficiency were likely compensated by Psr, which could in turn contribute to the slow recovery in the mixed-species community. It is also noteworthy that the mucin-based medium used in this study contains limited readily metabolizable sugars, and as such, the acid tolerance response was probably not a major factor under the conditions studied.
When the rats are fed with a high sucrose-containing diet and water, S. mutans, a major etiological agent of human dental caries, catabolizes glucose through homofermentative pathways, yielding primarily lactic acids, the most acidic of all organic acids, leading to rapid reduction in plaque pH. In response to a low pH environment, S. mutans can launch a so-called adaptive acid tolerance response that is featured with enhanced tolerance to lower pH. 52 The consistent acidic environment also favors aciduric species in the plaque community, leading to formation of cariogenic plaque. 53 It is noteworthy that Streptococcus rattus, a member of the mutans group, is also abundant in rodents, and can itself cause caries, so an uninfected control group was used as the "caries baseline" group ( Data are expressed as average ± standard deviation (n = 10). E, enamel; Ds, slight dentinal caries; Sm, moderate dentinal caries; Dx, extensive dentinal caries. # and * indicate significant differences at P < 0.05 and P < 0.001, respectively, when compared to TW14D and the uninfected control in the same columns. # * and ** indicate significant differences at P < 0.01 and P < 0.001, respectively, when compared with the uninfected control. Statistics using As we have recently shown, deficiency of BrpA causes alterations in cell morphology and defects in the cell envelope and leads to weakened tolerance to low pH, oxidative stress, and cell envelope antibacterial agents. While growing in a multiple-species consortium in mucin-based medium, which contains limited glucose and no sucrose, the BrpA-deficient mutant was able to slowly accumulate. However, when provided with high concentrations of readily fermentable sugars, such as in the rat caries model, the bacterium shifts its sugar metabolism to the homofermentative pathway yielding a large quantity of lactic acids and resulting in a rapid reduction in environmental pH. Streptococcus rattus, Lactobacillus spp.
and probably others in the endogenous microbiota of the rats are also likely contributors to lactic acid production and the quick pH shift when the rats were fed with high concentrations of sucrose.
As such, the weakened acid tolerance response could become a major factor modulating the ability of the deficient mutant to compete and persist in the plaque community and contributing to the reduced caries. Besides, alterations in cell envelope biogenesis can also directly influence the cell surface-associated functions, which include cell-surface and cell-cell interactions in biofilm initiation and accumulation. On the other hand, altered cell envelope biogenesis could also be part of the underlying factors explaining why the BrpA-deficient mutant and certain members of the mixed-species consortium, and the rat plaque microbiota, interacted differently from the parent strain. Our recent studies have shown that BrpA deficiency affects the expression of P1 and GTF-B, 15, 22 and both of these have been known to play a role in S. mutans mediated interspecies interactions and biofilm formation in vitro models. 10, 56 BrpA and Psr are the only two homologs of the LCP family proteins in S. mutans, which we and others have shown to play an important role in regulation of the bacterial pathophysiology, although consistent with our previous findings, the results presented here further suggest that distinctive differences exist in both structure and function between these two proteins. 15, 19, 22 The BrpA protein possesses a threonine and serine-rich C-terminus (~30%) that appears to be unique only to S. mutans, 20 which also differs from Psr in the bacterium. Although both play a significant role in biofilm formation, BrpA and Psr differ in their effects on biofilm formation, in part because of their different effects on the expression of the GTF enzymes. 15 Both BrpA and Psr show similar effects on the acid tolerance response, but unlike BrpA, Psr has no effects on the oxidative stress response and cell envelope stress response. 15 In a wax worm model, BrpA deficiency affects S. mutans virulence, but no such effects can be seen with the Psr-deficient mutant. 15, 22 Deficiency of BrpA, but not Psr, causes alterations in cell division and morphology. BrpA deficiency results in major reduction of cell wall antigens and a concurrent accumulation in the growth medium, but no such accumulation was seen with the Psr-deficient mutant. 19 As revealed in this study, BrpA deficiency leads to reduction of fatty acid iso-C19:1 I, but no such effect was detected with the Psr-deficient mutant, TW251. The brpA mutant also had significantly reduced cell wall phosphate, while the Psr-deficient mutant had it increased. As expected, deficiency of BrpA, but not Psr, significantly reduced its cariogenicity in rat caries model.
In summary, the results presented here further support our notion that BrpA is the major player of the two LCP paralogs in the regulation of S. mutans pathophysiology. Relative to the wild-type, the BrpA-deficient mutant displayed major reduction in its ability to compete in a community both in vitro and in vivo, especially under conditions with high concentrations of readily metabolizable sugars.
In addition, a rat caries model study also showed that deficiency of
BrpA, but not Psr, significantly weakens the ability of the bacterium to cause dental caries. These results further suggest that BrpA can be used as a potential target in modulation of S. mutans virulence.
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